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About Elements
Elements is a magazine for alumni 
and friends of the College of Earth, 
Ocean, and Atmospheric Sciences 
focused on the college’s cutting-
edge research and programs.

Comments about Elements may be 
addressed to the editor,  
Abby P. Metzger:  
abby.metzger@oregonstate.edu.

People have long investigated the mysteries of our changing 
planet. In the 19th century, scientists proposed that massive 
glaciers once covered Europe and most of North America. By 

the turn of the century, scientists first argued that burning fossil 
fuels added carbon dioxide to Earth’s atmosphere. Subsequent 
discoveries made in the 20th century, including Keeling’s now-
famous graph, affirmed the steady rise of atmospheric CO2 
associated with human activity. While many of these pioneers 
faced scrutiny, as all scientists do, their ideas launched a critical 

A message from the Dean
“To a patient scientist, the unfolding greenhouse mystery is far more 
exciting than the plot of the best mystery novel. But it is slow reading, 
with new clues sometimes not appearing for several years. Impatience 
increases when one realizes that it is not the fate of some fictional 
character, but of our planet and species, which hangs in the balance 
as the great carbon mystery unfolds at a seemingly glacial pace.” 

—  D. Schindler

C O N T E N T S4
College clips: 
Cooperative 
institute, 
research vessel, 
outreach

6
Research briefs: 
Pam Sullivan and 
Erin Pettit

8
Paleo mysteries

10
Paleo deep dives: 
Atmospheric 
CO2, Cascadia 
HOPS, Marine 
and Geology 
Repository

12
Farming forams

14
Olivia Williams 
ARCS toward 
success

15
Alum spotlights

2 OREGON STATE UNIVERSITY2 OREGON STATE UNIVERSITY

2021 CEOAS Stater insert.indd   22021 CEOAS Stater insert.indd   2 10/19/2020   10:26:07 AM10/19/2020   10:26:07 AM

mailto:abby.metzger@oregonstate.edu


area of inquiry: How and why has our climate changed 
in the past? And, based on the evidence, how might it 
unfold in our future?

In the field that we now call paleoclimatology, scientists 
focus on the processes and mechanisms that contributed 
to past climatic regimes. And, like their predecessors, 
they are using the Earth’s ancient clues, laid long ago, to 
piece together the story of our world. These planetary 
“breadcrumbs” — whether pollen, tree rings, rocks, 
fossils, gases, ice or ocean sediments — are the evidence 
of Earth’s vivid past. Like detectives, scientists uncover 
these clues and piece them together to understand past 
climate on a regional and global scale. 

Today, we have far more information and innovative 
tools at hand to assemble data and ask complex 
questions. We know about drifting continents, seafloor 

spreading, the wax and wane of ice sheets, sea-level rise 
and ancient disasters. Our scientists are increasingly 
sophisticated, their tools more advanced, their questions 
more probing, their answers more critical for our 
collective future. Read about the science sleuths in the 
College of Earth, Ocean, and Atmospheric Sciences who 
are investigating the planet’s greatest mysteries. 

Roberta Marinelli 
Dean  
College of Earth, Ocean, and Atmospheric Sciences

How do CEOAS climate detectives know what 
they know?
Scientists examine various lines of evidence to build their case. These include:

Models. Computer models 
embody vast networks of 
mathematical equations that 
simulate the behavior of a 
system. They allow scientists 
to ask questions like, how will 

rises in atmospheric carbon dioxide impact  
ocean temperature? 

Air. Ice cores trap small 
samples of ancient air in 
bubbles. They provide a 
climate record as far back 
as two million years — far 

longer than humans have been around. Ice also 
contains isotopes that provide a fingerprint of 
the past climate. 

Fossils. The remains of shelled 
organisms buried in the mud also 
can reveal the past. For instance, 
tiny, sand-grain sized marine 
organisms called foraminifera, 
or forams, serve as a record 

of ocean temperature. In general, when ocean 
temperatures are warmer, forams incorporate 
more magnesium. When the ocean is cooler, they 
incorporate less. As a result, scientists can tell from 
the amount of magnesium what the temperature of 
sea water was thousands, even millions of  
years ago.

Sediments. Also known as mud. 
Scientists use coring instruments 
to retrieve vertical columns of 
mud from the bottom of the 
ocean. Sediments are deposited 

in layers over time and provide a temporal record 
of ocean conditions. The deeper the sample, the 
further back in time scientists can travel.
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New cooperative institute to focus on 
climate, ocean, coastal challenges

Answering big scientific questions requires undertaking big collaborations with robust funding. CEOAS is proud 
to have been chosen to participate in a partnership that will facilitate such hefty collaborations and sharing of 
resources among scientists within the National Oceanic and Atmospheric Administration and other premier 

academic institutions.

Oregon State University, the University of Washington and University of Alaska, Fairbanks will receive up to $300 
million over five years to lead a new NOAA-funded institute focused on climate, ocean and coastal research: the 
Cooperative Institute for Climate, Ocean and Ecosystem Studies, or CICOES. 

College clips
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Ship update: R/V Taani construction  
hums along
Waiting is the hardest part

We’re pleased to introduce new CEOAS staff 
member Ryan Brown, outreach coordinator 
and Inspiring Girls Expeditions program 

coordinator. When COVID-19 sent us all home, parents 
and teachers alike needed resources for online learning. 
Brown stepped up, quickly compiling a list of vetted 
Earth science online resources, activities and webinars. 
She also has been working with Erin Pettit of Inspiring 
Girls Expeditions to help launch “Expeditions at Home,” 
which will bring the benefits of the program to girl-
identifying youth in their homes during the pandemic.  
Learn more at:  
ceoas.oregonstate.edu/virtual-learning-resources.

Ryan Brown shares 
resources for  
at-home learners

Our ocean-going researchers are keeping their eyes on Houma, Louisiana, where three new research vessels for 
the U.S academic fleet are under construction, including the R/V Taani, to be operated by Oregon State.

Construction is proceeding at a good clip, with much of the hull welded and testing of many of the ship’s 
high-tech components completed. Oregon State expects delivery of the ship in May 2022. To keep track of Taani’s 
progress, be sure to follow the Regional Class Research Vessel program on social media and check the shipyard web 
cams at webcam.oregonstate.edu/rcrv2.
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CEOAS is happy to welcome Associate Professor 
Pamela Sullivan, who joined the college in fall 
of 2019. Sullivan thrives on connections, but is 

particularly fascinated by how the components of Earth’s 
“critical zone” — that realm extending from the tops of 
the trees to the bottom of the groundwater aquifers — 
are all connected. 

One thing — the main thing — that connects the 
components of the critical zone is water. Sullivan, an 
ecohydrologist, has focused much of her research 
attention on the role of water in critical zone systems. 
She has worked in ecosystems from the Florida 
Everglades to the prairies of Kansas. 

For example, Sullivan studied tree islands in the 
Everglades, elevated mounds in the midst of the 

Pam Sullivan 
connects the dots in 
the critical zone 

system’s extensive waterways that serve as critical 
(but endangered) habitat for species that need to stay 
above water, from trees to birds to panthers. Using 
measurements at natural and artificially constructed 
islands, Sullivan found that trees are critical for building 
island soil and sustaining the habitat.  

“We found that the process of evapotranspiration, in 
which trees take in water and the excess is evaporated 
through the leaves and other aerial parts, results in the 
accumulation of particular ions and nutrients in the 
groundwater that supports greater accretion of soil, 
building the islands,” she explains.

So trees beget larger islands, which beget groundwater 
changes. Groundwater changes beget more changes in 
soil chemistry and accretion. The whole system  
is cyclical.

Sullivan is looking forward to diving into similar work in 
the Pacific Northwest. More to come from her lab soon!

Research briefs

6 OREGON STATE UNIVERSITY

2021 CEOAS Stater insert.indd   62021 CEOAS Stater insert.indd   6 10/19/2020   10:27:31 AM10/19/2020   10:27:31 AM



Jupiter’s frozen moon Europa has long held fascination for 
scientists. Its icy shell overlies a vast ocean, and the presence 
of water holds the tantalizing possibility of life beyond Earth.                                                                                                                                           

       CEOAS glaciologist Erin Pettit is playing an important role in 
working toward a NASA mission that will land instruments on 
Europa for the first time.

Pettit and a team of scientists from all over the country 
are using otherworldly glacial landscapes in Alaska 
and Greenland as “planetary analog sites” to test an 
instrument that could be deployed for the Europa 
mission or to other icy exoplanets. In field expeditions 
to Alaska’s Gulkana Glacier and a site on the Greenland 
ice sheet, the team has been testing an instrument 
known as SIIOS (Seismometer to Investigate Ice and 
Ocean Structure). If NASA selects their instrument for 
the mission, SIIOS will be used to record and examine 
“icequakes” on Europa, the data from which will be 
used to determine thickness and structure of the 
satellite's icy shell.

The challenges of the project are immense: Design and 
deploy an instrument that can withstand temperatures 
of -143 degrees C along with intense radiation. Puzzle out 
how to package data for transmission back to Earth over 
what amounts to a dial-up modem. Minimize power use and 
be sure all data collection can take place within the mission 
span of only three weeks. 

The SIIOS team has had two challenging but successful field 
seasons so far and is optimistic about the chances that SIIOS will 
be chosen for deployment. While the timetable is unclear, NASA is 
committed to studying Europa — see europa.nasa.gov for  
more information.

Pettit helps prep for NASA 
expedition to Europa

Left: The SIIOS team deploys the 
instrument in Greenland.  
Photo: Suz Detweiler

7COLLEGE OF EARTH, OCEAN, AND ATMOSPHERIC SCIENCES

2021 CEOAS Stater insert.indd   72021 CEOAS Stater insert.indd   7 10/19/2020   10:27:42 AM10/19/2020   10:27:42 AM



2021 CEOAS Stater insert.indd   82021 CEOAS Stater insert.indd   8 10/19/2020   10:27:43 AM10/19/2020   10:27:43 AM



2021 CEOAS Stater insert.indd   92021 CEOAS Stater insert.indd   9 10/19/2020   10:27:44 AM10/19/2020   10:27:44 AM



Why was 
atmospheric 
CO2 lower 
during  
ice ages? 
Scientists may 
finally have answers

Cascadia HOPS 
expedition brings 
home muddy 
treasures

Since scientists first determined that atmospheric 
carbon dioxide (CO2) was significantly lower 
during ice age periods than warm phases, they 

have sought to discover why, theorizing that it may be a 
function of ocean circulation, sea ice, iron-laden dust  
or temperature.

A team of scientists has found compelling evidence for 
a solution — the combination of sea water temperature 
variation and iron from dust off continents in the 
Southern Hemisphere.

“Many of the past studies that analyzed ocean 
temperatures made the assumption that ocean 
temperatures cooled at the same rate over the entire 
globe — about 2.5 degrees Celsius,” says Andreas 
Schmittner, a climate scientist at Oregon State 
University and co-author on the study. “We now know 
that the oceans cooled much more in some regions, as 
much as 5 degrees C in the mid-latitudes.” 

Schmittner and his colleagues estimate that colder 
ocean temperatures would account for about half of the 
decrease in CO2 at the height of the last ice age. Another 
third or so, they say, was likely caused by an increase in 
iron-laden dust coming off the continents and fertilizing 
the surface of the Southern Ocean. An increase in 

Scientists love acronyms — bonus points if the 
acronym spells something that inspires joy (we 
have not yet mounted an ocean expedition with the 

acronym PUPPIES, but stand by).

A recent weeklong CEOAS paleoceanographic 
expedition aboard R/V Oceanus was christened Cascadia 
HOPS (High-resolution Observations of Paleo Systems). 
Scientists aboard Oceanus, including Maureen Walczak, 
Joe Stoner and graduate student Deepa Dwyer, 

iron would boost phytoplankton production, causing 
more carbon dioxide to be taken up and subsequently 
deposited into the deep ocean. The remaining carbon 
dioxide gap may be attributable to variations in nutrient 
availability and/or ocean alkalinity.

“It was the perfect combination that can explain almost 
exactly why CO2 levels were about one-third lower 
during ice age periods,” Schmittner says. The study is 
an important step in improving global climate models, 
which will provide a more complete picture of our past.

Paleo deep dives

Photo by  
Brendan Reilly
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Twenty-two miles 
of mud: 
CEOAS opens new facility 
to store and curate  
geological samples 

Some of the best clues to our planet’s past lie buried 
in the sediment at the bottom of the ocean. Cores 
can tell stories about earthquakes, floods, ocean 

conditions, climate change and more. 

These cores are expensive to collect and contain more 
information than a single research project can glean from 
them, and so they are carefully stored and curated for 
future use. CEOAS has long maintained a repository of 
sediment cores collected by its researchers, but in 2020 
it opened a brand new, expanded Marine and Geology 
Repository, one of the nation’s largest libraries of 
oceanic sediment cores and other geological samples. 

With the addition of a collection of Antarctic cores 
formerly housed at Florida State University, the state-
of-the-art facility now includes more than 22 miles of 
oceanic sediment cores and tens of thousands of marine 
rock specimens. Treasures abound in this special library, 
including a core containing sediment estimated to be 25 

collected seafloor sediment samples using a variety of 
sediment coring systems to learn about the history of 
the Pacific Northwest in times before humans inhabited 
the region. 

As sediments accumulate in layers on the sea bottom 
over long periods of time, they record key information 
about the environment that existed at the time of 
deposition. This information can reveal the climate, 
ocean chemistry and ocean biology of the past, as well as 
physical information such as the geomagnetic field.

One unique aspect of the cruise, apart from paying 
homage to a key beer ingredient, was the public 
outreach the science team conducted while on board. 

million years old; a core collected from the Peru-Chile 
Trench more than five miles deep; and the oldest core in 
the collection, an Antarctic core collected in  
February 1962. 

Data about all the cores in the collection are available 
on the MGR’s website, so that researchers and students 
from around the world can request access to the 
collection for their projects. They can even request 
samples from the cores. For more information,  
see osu-mgr.org.

They maintained a blog (read it 
at paleomag.ceoas.oregonstate.
edu/hops), took extensive photos 
and videos, hosted a live chat from sea, and welcomed 
public attendance (remotely, of course) in daily science 
briefings on the ship, among other activities. 

The cruise was a resounding success, collecting more 
than 20 cores, including the longest cores ever obtained 
aboard Oceanus. Now the hard work begins: analyzing 
those meters and meters of mud to extract their hidden 
treasures — data! Stay tuned for more from Cascadia 
HOPS as the samples are analyzed via sophisticated 
instruments and laboratory tests.

Photo by  
Brendan Reilly
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Farming 
forams:
 Tiny plankton 

contain giant 
climate clues
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Imagine being a scientist who studies the fossilized 
remains of long-dead organisms in order to learn about 
the Earth at the time when those animals were alive. 

Now imagine that you can study those same organisms 
live, right now, in your lab. Don’t worry: This scenario 
won’t bring velociraptors back to life like in “Jurassic 
Park.” The critters involved are much smaller, and far  
less dangerous.

Foraminifera, forams for short, are single-celled marine 
organisms the size of a grain of sand that create calcium-
based shells. Elements in the surrounding sea water are 
incorporated into the shells as they grow. This preserves 
a record of the ocean environment, including indicators 
of the prevailing climate, around them. When the 
forams die and sink to the ocean bottom, the shells can 
remain in the sediment for millennia, providing a record 
of climate and ocean conditions that scientists can 
interpret. For example, scientists can deduce the ocean 
temperature the forams encountered, and apply this 
information to modern questions of ocean and  
climate conditions.

CEOAS Assistant Professor Jennifer Fehrenbacher 
studies forams, mostly in a paleoclimate context, and 
has become an expert in keeping these critters alive in 
culture, that is, in the lab. Studies of living forams can 
help scientists learn about what role these organisms 
play in the modern ocean and also provide insight into 
the shell-building processes that lead to the levels of 
elements and isotopes scientists observe in the fossils.  

In the summer of 2019, Fehrenbacher and two of her 
graduate students had the opportunity to collect and 
culture forams at the Green Island Marine Research 
Station, a facility on a small island off the coast  
of Taiwan. 

Forams were collected using two methods, both labor-
intensive. Some species were collected using a net towed 
behind the boat, as plankton usually are. However, 
forams with long spindly spines were collected by scuba 
divers one at a time in jars.

Yes, the divers collected single-celled organisms one 
at a time.

Fehrenbacher explains, “If we caught these species in 
nets, the spines would break, and it’s difficult for them to 
regrow the spines.”

Back at the lab, forams were sorted and placed in 
appropriate lab containers so that various research 
projects could get underway. Each scientist on the 
expedition had a unique research focus. Fehrenbacher 
and graduate student Theresa Fritz-Endres were 
interested in whether non-spinose, deep-dwelling 

forams accurately record trace metal concentrations 
in the sea water around them. Kelsey Lane, the other 
CEOAS graduate student on the trip, is interested in the 
microbiome of these organisms. While many species of 
forams harbor algal symbionts inside their shells, some 
do not; Lane wondered if these species have bacterial 
symbionts instead. She is using state-of-the-art imaging 
technology and DNA analyses to determine  
the answer.

Fehrenbacher and her students plan to return to Green 
Island and continue their work with live forams. These 
living cells are analogous to the Rosetta Stone, as they 
help scientists understand the composition of fossilized 
foram shells, revealing many of the secrets of  
Earth’s past.
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Olivia Williams had an unusual finish to her stellar 
undergraduate career at Boston University. 
As BU moved to online learning, due to the 

COVID-19 pandemic, she headed home to her parents’ 
house near Seattle, completing her final semester 3,000 
miles away from campus. Williams, a double major in 
Earth and environmental science and English, presented 
her senior thesis defense via Zoom.  

Although the pandemic continues to disrupt daily 
life, Williams is marching on. In the fall, she arrived in 
Corvallis, to begin her doctoral degree program at the 
College of Earth, Ocean, and Atmospheric Sciences 
under the guidance of Assistant Professor Christo 
Buizert. Williams has a little help getting started: She is 
the 2020 recipient of the CEOAS ARCS Scholarship. The 
ARCS Foundation provides promising doctoral students 
a reliable source of support in the first three years of 
their studies.

Williams’ journey to graduate school at Oregon State 
began in Kirkland, Washington, where, as a child living 
near a large park, she collected rocks, sticks and other 
specimens of the natural world. She wanted to know the 
name of every flower and tree. “I have always been a 
curious person,” she says, “and science appealed to me 
as a way to uncover the story of the world around me if 
you know how to look and what tools to apply.”

A suggestion from one of her BU professors led her 
to consider graduate school at CEOAS, and a visit to 
campus sealed the deal. In Buizert’s lab, Williams will 
examine polar ice cores for evidence of past  
melting events. 

As for the English degree, Williams sees it as central 
to her holistic education and another way to interpret 
the world around her. “I like having insight into the way 

ARCS Foundation supports science 
by supporting scientists
Olivia Williams is one in a long line of CEOAS ARCS 
Scholar rock stars. The ARCS Foundation is a national 
organization founded by a group of philanthropic women 
in 1958 in response to the launch of the Sputnik 1 
satellite by the Soviet Union. The founders feared that 
U.S. science was falling behind and decided the best way 
to support American leadership in science was to fund 
young scientists directly with unrestricted scholarships.

The Oregon chapter has supported one or two CEOAS 
Ph.D. students every year since 2011. All of these 
students have excelled, studying everything from ice 
cores to ocean dynamics to volcanic processes. 

For example, Nancy Williams, Ph.D ’18, (no relation 
to Olivia) studied carbon dynamics of the Southern 
Ocean under the direction of Associate Professor 
Laurie Juranek; she is now an assistant professor at the 
University of South Florida. Atmospheric scientist Katie 
Verlinden earned her Ph.D. in 2018 and is now a senior 
scientist with consulting firm Applied Ocean Sciences. 
Biological oceanography student Kelsey Lane, a recent 
CEOAS ARCS Scholar, is just getting started on her 
Ph.D., studying foraminifera, single-celled organisms that 
record critical climate information in their shells. 

The ARCS investment in Olivia Williams and scores 
of other CEOAS students will pay off in the years and 
decades to come, with the scholars’ engagement in 
research, teaching and leadership. To learn more about 
the Oregon ARCS chapter, go to  
oregon.arcsfoundation.org. 

Olivia Williams ARCS 
toward success

that stories get told. I think that’s really valuable for 
someone who studies paleoclimate because what you’re 
uncovering is essentially the narrative of the planet, and 
having a knowledge of storytelling and literature helps 
to be able to present that narrative in a coherent way,” 
she says.

Williams’ ARCS scholarship, supported by generous 
ARCS donors Elisabeth and Peter Lyon, provides funding 
to keep her graduate career running smoothly. Initially, 
funding supports basic living expenses, and later, it 
could support travel to scientific conferences and other 
degree-related expenses. 

Williams is grateful for the opportunity the scholarship 
has allowed, especially in this time of tremendous 
uncertainty. “Even without a summer job, I was able to 
establish myself in Corvallis, buy groceries and such,” she 
says. “And in future years I’ll be able to go to conferences 
and do other things that I wouldn’t otherwise have been 
able to do. I really appreciate the support.”
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Alumni spotlights

2020 Alumni Fellow inspires future 
scientists

CEOAS alumna, Margaret Hiza Redsteer, Ph.D. geology 
’99, has been honored as a 2020 Alumni Fellow. Redsteer 
is an internationally known climate change scientist, 
conservationist and an important voice for culturally 
competent science. As a professor at the University of 
Washington Bothell, Redsteer inspires young scientists 
in environmental, climate change adaptation and Earth 
systems sciences.

Redsteer previously had a 20-year career with the U.S. 
Geological Survey addressing environmental issues, 
particularly on tribal lands. The OSUAA Alumni Fellows 
program acknowledges alumni who have distinguished 
themselves in their professions and communities. 
osualum.com/fellows

Alumni in the news
2020 APEX awardees address ocean 
acidification

Congratulations to Brian Erickson, M.S. marine resource 
management ’18, and now a doctoral student at Oregon 
State, and Tracy Crews, who manages Oregon Sea 
Grant’s marine education program. They won an award 
of excellence from APEX for their 141-page high school 
curriculum on ocean acidification. 

New book recounts worldwide adventures

Ed Sobey, M.S. ’74, Ph.D. ’77, both in oceanography, 
has published a book of short stories called Shipwreck 
Treasures, Incan Gold, and Living on Ice - Celebrating 50 
Years of Adventure. The book chronicles his 50 years 
as a research scientist, museum director and science 
educator, which took him on wild adventures across  
the world. 

Training to become agents of change

Katy Nalven, M.S. marine resource management ’19, 
has been chosen as a member of the inaugural cohort 
of the COMPASS Leaders for Sea Change program. This 
year-long program prepares scientists for meaningful 
change within themselves, their communities and 
society. For more information, see 
compassscicomm.org/2020-leaders-for-sea-change/. 

Keep in touch
As CEOAS alumni, you belong to a dynamic community 
of scientists, teachers, students and problem-solvers 
— past, present and future. Your story is our story. We 
invite you to stay connected, get involved and continue 
your relationship with us throughout every stage of your 
life. Learn more at:  
ceoas.oregonstate.edu/alumni-friends.

Capt. Ronald and Maryellen Tipper establish 
first Marine Studies Scholarship

Oregon State University alumni Capt. Ronald and 
Maryellen Tipper have established the first-ever 
Marine Studies Scholarship. The $50K scholarship will 
be matched with $10k from the university to support 
students in the College of Liberal Arts enrolled in 
the Marine Studies undergraduate program. Ronald, 
B.S. general science ’64, Ph.D. oceanography ’68, 
was a biologist by training and had a long career 
with the United States Navy. He and Maryellen, B.A. 
home economics, emphasis on textiles ’64, are both 
enthusiastic supporters of Oregon State University, 
having donated to the Marine Studies Initiative, PacWave 
(a wave-energy testing facility) and the Women’s  
Giving Circle.
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At CEOAS, our scientists and students are digging deep to unearth what 
makes our planet tick. Your gift enables them to make new discoveries and 
to connect their science to society’s needs. An investment in CEOAS is an 
investment in understanding our planet and our future.

If you would like assistance in making a gift or discussing the impact of your 
giving, please contact: Amy Crumley, CEOAS Director of Development, at  
541-737-7181 or amy.crumley@osufoundation.org.

Help CEOAS 
scientists 
dig deep

104 CEOAS Administration Building 
Corvallis, OR 97331-5503 
541-737-3504 
ceoas.oregonstate.edu
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